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【 CASE REPORT 】

CyberKnife Stereotactic Radiosurgery
for Cholangiocarcinoma

Yuko Harada 1 and Shinichiro Miyazaki 2

Abstract:
Cholangiocarcinoma is a devastating cancer with a poor prognosis. Patients are often diagnosed at the ad-

vanced stage, and curative surgery is impossible. Radiation therapy is used for cases of advanced cancer. A

50-year-old woman with stage IVb intrahepatic cholangiocarcinoma was diagnosed with unresectable cancer,

and had chemotherapy; however, the disease progressed. CyberKnife radiosurgery was performed, which was

able to control the symptoms of liver failure and prolong her life. Her symptoms, which included jaundice,

ascites, and edema disappeared and her tumor markers became normal. Even though she relapsed and was

not able to survive, she was able to stay home with her family until the last days of her life. CyberKnife ra-

diosurgery was useful as a non-invasive palliative treatment and successfully alleviated the symptoms of a pa-

tient with advanced cancer.
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Introduction

Cholangiocarcinoma is a rather rare cancer with a poor

prognosis. Hori et al. reported that the incidence of biliary

tract cancer (including cholangiocarcinoma and gallbladder

cancer) in Japan was 18.4 patients per 100,000 popula-

tion (1). In a retrospective study of 242 patients, the overall

median survival was 15.8 months, while the median survival

for stages I, II, III, and IV, was 23, 25, 14 and 4.5 months

respectively (2). It is classified into 3 groups: intrahepatic,

hilar, and extrahepatic. Surgical resection is the mainstay

therapy; however, surgery is difficult to perform in cases of

advanced-stage disease. Although chemotherapy is known to

be effective, the prognosis of patients who receive chemo-

therapy is still poor. Radiotherapy is used to treat cases of

unresectable cancer; however, conventional external radio-

therapy is difficult to perform because of complications such

as cholangitis, bile duct bleeding, and duodenal ulcer (3, 4).

The CyberKnife (Accuray Incorporated, Sunnyvale, USA)

is a fully robotic radiation delivery system that can be ap-

plied as an alternative to surgery. It enables us to treat pa-

tients on an outpatient basis in a much shorter period than

standard radiation therapy.

We successfully treated a patient with stage IVb cholan-

giocarcinoma with CyberKnife stereotactic radiosurgery. The

CyberKnife is a non-invasive treatment option for advanced

cancer that has shown to preserve a patient’s quality of life.

Case Report

A 50-year-old woman presented with jaundice and liver

dysfunction. An abdominal CT scan revealed a huge tumor

of 90 mm in diameter. Liver biopsy revealed adenocarci-

noma. She was diagnosed with intrahepatic cholangiocarci-

noma stage IVb (TNM stage: T4N1M1). The cancer was

unresectable because it had invaded both lobes of the liver,

both bile ducts and the portal vein, and multiple lymph node

metastases were present around the inferior vena cava. The

patient was treated with chemotherapy consisting of gem-

tacibine (1,550 mg/body) + tegafur/gimeracil/oteracil (100

mg/body). The tumor mass was reduced by 15%; however,

it grew back after 7 months. The outcome was progressive

disease (PD). She was then treated with chemotherapy con-
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Figure　1.　FDG-PET before CyberKnife radiosurgery. An enormous tumor with the uptake of FDG 
was observed.

sisting of gemtacibine (550 mg/body) + cisplatin (CDDP)

(38 mg/body). However she developed ascites and her jaun-

dice and her condition worsened after 4 months. The out-

come of this second treatment was PD. A stent was inserted

into the bile duct. The best supportive care (BSC) was pro-

posed; however, she wanted an alternative treatment in order

to survive.

She was referred to our hospital for CyberKnife stereotac-

tic radiosurgery. She presented with jaundice, ascites and

edema in the bilateral legs. Her total bilirubin level was 5.02

(direct bilirubin, 3.48) mg/dL, despite the fact that a stent

had been inserted into her bile duct 4 weeks previously. Her

jaundice was likely caused by liver failure. Her carcinoem-

bryonic antigen (CEA) and carbohydrate antigen (CA) 19-9

levels were 22.8 IU/L and 933 IU/L, respectively. Abdomi-

nal CT and fluorodeoxyglucose positron emission tomogra-

phy (FDG-PET) showed an enormous tumor of 107×102

mm in size (Fig. 1, 2). After consultations with surgeons, in-

ternists and radiotherapists, it was decided that palliative

treatment was the only option. CyberKnife stereotactic radi-

osurgery was selected in order to provide palliative radiation

therapy on an outpatient basis and to minimize the duration

of treatment.

CyberKnife stereotactic radiosurgery was performed as

outpatient surgery over a 10-day period. The planned tumor

volume was 829.9 cm3. The prescribed dose was 40 Gy.

One month later she visited our outpatient clinic with

massive ascites and severe edema in the bilateral legs. Her

CA19-9 level had decreased to 148 IU/L. She refused hospi-

tal admission and wished to stay home with her family. She

was taking furosemide (40 mg/day) and spironolactone (50

mg/day). We increased the dose of furosemide to 60 mg/day

and sent her home according to her wishes. Two weeks

later, her ascites and edema decreased, and her total biliru-

bin was decreased to 1.67 mg/dL. We increased the pre-

scription of furosemide to 80 mg/day. Another 4 weeks later

(10 weeks after CyberKnife treatment), her laboratory data

normalized (total bilirubin, 1.17 mg/dL; CEA, 3.8 IU/L; CA

19-9, 31 IU/L). Furthermore, she no longer had ascites or

edema (Fig. 2). At four months after the treatment, FDG-

PET showed a significant decrease in the FDG-uptake of the

tumor (Fig. 3).

She was in excellent condition for several months. Based

on her condition, she decided to seek further treatment, and

she started chemotherapy in another hospital (details un-

known to us, but she was orally taking tegafur/gimeracil/

oteracil). She developed anemia and liver dysfunction over a

5-month period. At 10 months after CyberKnife treatment,

FDG-PET showed the relapse of the original tumor and

multiple lymph node metastases. She also presented with

massive ascites, edema, and severe non-obstructive jaundice,

and was thus admitted to our hospital, where she died of

liver failure. She survived for 10 months after CyberKnife

treatment.

Discussion

When the patient first visited our hospital, she had been

told by her previous doctor (at another hospital) that she

would survive for no longer than 3 months. The patient

wanted to live as long as possible and to stay with her fam-

ily in their home.

The CyberKnife is a fully robotic radiation delivery sys-

tem that can be an alternative to surgery. CyberKnife radio-
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Figure　2.　Abdominal CT before and after treatment. Left: Before treatment. Ascites was observed. 
Right: At 10 weeks after treatment, the ascites had disappeared.

Figure　3.　FDG-PET at 4 months after CyberKnife radiosurgery. The uptake of FDG was signifi-
cantly decreased.

surgery is a viable option for patients with unresectable can-

cer. The patient still wanted to have this treatment, even

though she was aware that her tumor was too large (829.9

cm3) for totally eradicative surgery with the CyberKnife. She

underwent palliative radiotherapy with the CyberKnife,

which enabled her to stay in her home for 10 months. In ad-

dition, all of her laboratory data, including her tumor marker

levels normalized after the treatment, which enabled her to

enjoy a normal life with her family.

The patient eventually died of liver failure, which likely

occurred due to relapsed cancer or chemotherapy (tegafur/gi-

meracil/oteracil), because CT showed no evidence of ob-

struction of the bile duct, and because her laboratory data

were similar to the values at the time of her first visit to our

hospital. We do not believe that it was a radiation-related

toxicity because it occurred 8 months after the treatment,

and because we used a relatively small radiation dose for

palliative treatment. To the best of our knowledge, such tox-

icity has not been reported as an adverse effect of

CyberKnife-based treatment, and any adverse effects usually

appear within several months.

In the medical literature there are only 4 previous case re-

ports and studies of CyberKnife treatment for cholangiocar-

cinoma (5-8). Mahadevan et al. reported a study of 34 pa-

tients (median tumor volume: 63.8 cm3), in which the actu-

arial local control rate was 79% and the median overall sur-

vival was 17 months, with 12% of patients developing grade

3 toxicities. including duodenal ulceration, cholangitis and
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liver abscess (5). Park et al. reported a case of unresectable

cholangiocarcinoma (size: 3.5×4.0 cm) in a patient who

showed marked tumor regression at an 8-month follow-up

examination (6). Dewas et al. reported the results of treat-

ment in 6 cases of cholangiocarcinoma (median tumor vol-

ume: 32.38 cm3), in which the local control rate at one year

was 100% (7). Jung reported on a study of 58 patients (Cy-

berKnife treatment, n=31; other stereotactic body radiother-

apy (SBRT), n=27; median tumor volume, 40 cm3), in which

the local control rate at one year was 85% and the median

survival was 10 months, with 5% of patients developing

grade 4 complications, including cholangitis, bile duct steno-

sis, and gastric perforation (8). In these 4 studies, the tumor

control rate was approximately 80%, and the incidence of

toxicities was considered minimal. However, the abovemen-

tioned median survival periods were very short and were not

always prolonged by CyberKnife treatment. This is because

advanced cancer with multiple metastases cannot ultimately

be eradicated, even with the CyberKnife.

Conventional radiotherapy requires 4-6 weeks of daily ra-

diation. Crane et al. revealed that tumor control improved

with a higher dose (54-85 Gy) of radiation therapy, and the

rates of grade �3 toxicities were similar in all of the dose

groups (14-27%) (9). The CyberKnife is superior to conven-

tional radiation therapy in this regard because it can deliver

a high dose of radiation within a week with minimum toxic-

ity. A large cohort study should be performed to compare

conventional radiotherapy to CyberKnife radiosurgery.

In the present case report, the patient succeeded in spend-

ing her last days with her family; her life was extended and

her health was far better than would have been expected if

she received an alternative treatment. The CyberKnife was

the only treatment option left for her, as it was a short-term

treatment, and far less harmful, with measurable and favor-

able results. The CyberKnife has thereby again demonstrated

favorable results as a successful non-invasive palliative treat-

ment for patients with advanced cancer who seeking an al-

ternative therapy that can improve their quality of life.
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